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Figure 3-2 Signal processing unit: Master procegaimit (up)

and Rx signal processing unit (down)

3-1-2 Meshed transparent plate
Meshed transparent plafe 1140*860*5mm 2] '3
3t ol "] 6ecm A o2 AEZZE 16 7Y, 7=
2 12709 Z 1mm, Z°] 1mme &5 I AE
0.3mm 2] copper wireE I1EWHY YojA W
meshed antennd t}. Signal processing urdtl 4] 16
e FAANEE A g AHEH Dl 400KHz,
15Vpp 2] Sine-wave2l 35 SHFW | A4
o A FA HES waksk= 12 719
o] nx}7ol Aol =3} meshed transparent plate2]
proximity & Z43A ==dl ©] proximity #S
A WMEL] AXE & F YA HeE Aot
T platell 5| o] 2 Al
proximity Hlo|El & A ¥+ A delFe 1Ho
Uk 2dol A ®B3zo] TO o FAlAEe] On ¥
Uz Sl de] Off d wf 12 7o) FalA)d
Al SAEE 2 S AR Al Ha oo
Aol E T1 o F2lAERt o YA 2
obA Tilo] thgk 12709 41 #k& oA dvh
d Aor & Hi st frame o thalA
192709 A #@E 9A Ak

ESNS

meshed transparent

o

fd



Figure 3-5 oAl&
proximity o W] WE 78S vpehya gl

T0

RO
1
R —

1
R2

TP T3 T4 Ts T6 T7T8@  T9 TIO TL TI2 T8 T4 TI5

T
o om o o o O O OF OF OF O OF OF OF O

A3 —

Rl —

A5

\ 4

[

A7

RE

RY

R1Q e

Rl

. Fi
gure 3-3 Meshed transparent plate sensing process
Meshed transparent plate= é\—ﬂr 2~ 1}9]

proximity S 713
AN AREEHAH ”J I}e= e ‘ﬂo"i‘ﬁ% Ab-g-3le]
L™

proximity & =+ At

SmartSkir

ﬁﬁ‘f§ O A0 O Rx O Rx2 O - O At
15Vps
Sino Wave

J,; 3D Sensor Table System

Figure 3-4 Comparison of SmartSkin and 3D SensoleTab
System
71E2] A S Rekimoto 7} 2002 Aol Al ¢H3k
SmartSkinoll 4] A8 mesh-like antenn&ld] 17

orw W whe} o] FaIAe

dm Lo A5
1

Table Systentl] A = %’ﬂﬁol LoopE #Asta 9l

= & T Atk o]#EA Loop & A&7 W
ol proximity & =Y 5 AAZ oHE EHA

= w
Figure 3-5 equivalent circuit of Tx and Rx of Smé&its
WA SmartSkin oA &9

145

t}. SmartSkin 2 F41 AZF 9] s} 400KH
square-wavedl| 2]3]A] excite ¥ ™ FA1A 9

Aol wA] capacitor 4§ 52 SHAl ¥ o

Aol As7F 524 He RAE ol &3l

7] wjZoll Zt n A <] capacitanced] e}
AMAlZ o] M7]7F WEAl Fal capacitances 1A}
y ol webA wskA "ok 29
o] o] A|A~Ee] EAHS ?5}55 o] open o] <l
s HFEF 2
kol #olx Al :LEHH proximity 7} 5~10cm
R SAo] 7heskA Har 3 Ak g3kl

A e Z2QlS o] 83k application ol A& A}

9

o N
5

M

o

S3l710] AgslA grh W] B Aol A
bk WS FAAC] g S open A7]A] &
i loop = WE=E Flojth thEe] gl A o]
Hell g 57 RE HolFa ot

.

. iy iy el AL
ﬁrﬁrﬁrﬁr jl

a8 a aNNG 20 Wil o's e e WG aa s NN N

3D Sensor Table Systerr

Figure 3-6 equivalent circuit of Tx and Rx of 3D SenTable

System

He Aol dhte] loopE FAEHY] Wi

Al Ao 32 400KHz, 15Vpp ¢ Sine-wave

= o, FAAF FAAe defe] WAk

Aoz A== o= 7F SmartSkin 2}
A e 7HAA 2 1

o] W

o &

il

3-2 Algorithms

3D Sensor Tabler| ~&l-> meshed transparent plate

H-H 30cmeolule] FIteA FA o= Wil 94

2 A8 F gt o)A U‘r%ﬂr 2o 38Es
=34 S @t} WA, Signal processing unitl] A

rs232 5215 F3lA 20ms o £x=2 AFshe=

384byte ¢ H°o|EE PC 9| serial pori2E 534

wolA] A gat. of dolE

3t frame & T4 3}



© 192709 F/lde] Al A dolA = raw

proximity ©]th. o] A4S IR A& E AUE
H proximity & & 4 $17] "ol + A A

of| 5= raw proximityE proximity calculation ¢+ 2]
%< 534 modified proximity = A4t} T2
olAl proximity ¥t E3A & $AE Zro}
of at=dl 1 ol olel& AAs ok gt efvkst
H, =9 A& 37| fsiA = proximity 7} FH
¢l A S Frotof sh=dl o7t EAAE x| 7o
Adgkel proximity & 7Fd 4 9l7] wjEolt}. of
2 & A|AS $of tracking algorithm& A}-8-3}<
=9 AAE Fokd I vgom £ EYgs #
ofof gt} @A) wH=o]%l 3D Sensor Tabler| =¥l

=)

p

ju

o] 799 resolutiono] 7] wio| 7hdek & w
Furs A4 = el FHE A Ao &5
go =z ol 4

= 3
display o ¥ 3 2 FIHALel A A F5F
Elete] A HMAS YERd 4 JAl H= Aot
t}2-2] 192 signal processing unig Z5-E o
< deolHE A 3 A kA &9 $1A
ARE o= S Yehda 3l
o 2] 3] ) (5]

Date Proximity Hand Positior Hand Posture
Acquisition Caluculatior Finding Classificatior

| ! | !

Raw proximity Modified Position Hand Posture
16+12 byte Proximity in 3C Type

Process —| 3D image

Outpu

Figure 3-7 the hand-tracking and hand-posture rmtog
process

Signal processing unitl 1 PC ol A% dolE =
raw proximity datee] TF. 3D displaye] ==& 2]l A
WE] FA Qo] wE 192 JHe] WA A ¢
proximity #to]A|wk 2 AREE 7 Qi o]
AL 29 9o o AR [ E7]H

5

o] Zu¥ UCEV] Hzolvk, AA, watz 9ol
=o] & w dely o] E5g= AL FAY
v Als7F DC AT dAg Ao] ol fluctuation
doju}r] wEoltk. 1A, Signal processing
unit oA Fol& 192 7H2] proximity datacl th3gk

o

146

Zztel W@ HAdg, Axg, EEAds T
3} 10 ©]3}e

A2kl Aolv

proximity dataE ItZ A}&3h= Aol ol

Fakg AHgA HelEt BEele Ag o
F Qo I, dele gel ¥¥ EEeE
o obuet WA Slol &ol G W TEeln
ﬂ@~%ﬁ3mmﬂmg~ﬁPﬂé@l%%-ﬂﬂ
EEUA 2] Ml AP & W £ 2
o Qg dolee] WEe] ¥AF HA 2o
5ol e}

]_
EEAAE 5 sl AL AW A,

Bl N

rr

tlo X

a¥Erage max in

,.,
g
L}
[

BET 871 ]

B2 864 658

871 874 EEE

BES 870 560

o

BEZ BEG 58

8BS 869 BEO

BES 868 BEO

BEO BE2 B57

859 863 B5E

873 877 L

[ oo o] ol ] oo o | ol [ va = o @
Zaf | | B [ | = i o] 2
B ) ] e T ) ) ) e el = )

L] 873 EES

870 873 EEE

Table 3-1 example of average, max, min, S.D andean

o 27IH, 5, 237 9o ofF Ak

processing unitl A OP ampe] T3 &S H3IA A
Al AID convertero] JE ¥ = e HAE d4A
A stElar &, ZAzbe] wxpiel wisiA g
Aoz Z74HE SFaL olFo solee UE
o walA Z7Igkke] Aol AolE FrelA
proximity & AlAFeA Z7]17FE]e] o]y Fhe] o
gotA 2 EAES AY & Ao s
Aol A WS AAZ
currentM = previousM + (previousV —
currentV)
Here,
currentV = averaged current input data
previousV = previous value of currentV
currentM = modified value of currentV
previousV = previous value of currentM
Equation 3-1 proximity calculation equation
olE Al proximity & T3 o W] A E

A Ao s AAE 47 Asi= 192 749



proximity Hlo]Elel A FHujghS Zrolof it} 17

0, duz wol=E o8 £ $AYRE WA
Qe AANA Adigel waRE At Aok
a87) g o2 gelrl ANME Atk
e wage) 2 wARES gES A nol
oF Btk HEe oA 2wl gEel Ayt

5 o]t AFol7b & wiz} ozt ofd &2 913
dE & F ATk v a9l o] RS YERY

If Error,
find another

Repetitior
until no max

value exists maximum value

vy

’ Find maximum value ‘

'

’ Compare adjacent value

'

’ Error or valid data’

‘ Valid

’ Bare—hand location ‘

For multiple

tracking

Error

Red circle for error

Figure 3-8. tracking algorithm and its implemerdati

£, AUE £ RS 94T & dflEd 2
2 A e Evtee W EE PR 5 A9
ool &2 BAS Wek FHS AAS w9
&9 94X e wabde] 2 gEe v
e AolE BaA & 5 Atk thgel 1Y
oA o] % melF: Utk

4, 4 &
3D AlAEo]E A|~E2 30cm ]2 &7k
A o] RS fgAste] AR L

147

Mt E9s & o= By &

&, 3D AAEo2e 2 A9l o) Ze)7 o] Hel
AE S dvks e 23 gk @
AzAE e AR e
EANNE Frhtel AUES F O Eolw
e AxA A4 T 5 UL Aom B

5. ZFuEd

[1] Meredith Ringel, Henry Berg, Yujui Jin, Terry
Winorgard, Barehands: Implement-Free Interactioth wi
a Wall-Mounted Display, CHI2001, 31 March-5 April,
2001.

[2] Matsushita, N. and Rekimoto, J., HoloWall:
Designing a Finger, Hand, Body and Object Sensitive
Wall in Proceeding of the ACM UIST’97 symposium on
User Interface Software and Technology, 209-210,719

[3] Christian von Hardenberg, Francois Berard. Bare
Hand Human-Computer Interaction, PUI 2001, 2001.

[4] J.R. Smith, T. White, C. Dodge, J. Paradisaj ah
Gershenfeld. Electric Field Sensing for Graphical
Interfaces. IEEE Computer Graphics and Applications
18(3):54-60, 1998.

[5] Jun Rekimoto. SmartSkin: An Infrastructure for
Freehand Manipulation on Interactive Surfaces, CHI
2002, April 20-25, 2002.

[6] J.R.Smith, Field mice: Extracting hand geometry
from electric field measurements, IBM SYSTEMS

JOURNAL, VOL35, NOS3&4, 1996.





